may thus play a role in mediating the innate immune responses in psoriatic epidermis [8, 9] . STAT4 activation can cause specific Th1 differentiation and could thus increase and prolong responses to interferon (IFN)-γ and trigger psoriasis [10] . STAT6 is essential for the functional responses of T helper 2 (Th2) lymphocytes triggered by IL-4 and IL-13, which may be associated with the pathogenesis of autoimmune diseases including psoriasis [11] .
Considering the functions of STAT3, -4, and -6 in autoimmune disorders, it is assumed that polymorphisms in these 3 genes would be associated with psoriasis in northeastern China.
Materials and Methods
For further details, see the supplementary materials (for all online suppl. material, see www.karger.com/doi/10.1159/000455945) [12] [13] [14] ( Fig. 1 ; Tables 1 , 2 ) .
Results

Genotype and Allele Frequency Contribution in STAT Genes
All the polymorphisms were in Hardy-Weinberg equilibrium in the control group ( p > 0.05). As shown in Table 3 , the frequency of the rs744166 AA genotype of the STAT3 gene was lower in the psoriasis group than in the healthy group, while the frequencies of the GG genotype and the G allele were much higher in cases ( p < 0.05), suggesting that the minor allele G increases the susceptibility to psoriasis. In the STAT4 gene, the rs7574865GG genotype was less frequent in cases ( p < 0.05) and works as a protective factor against the disease. Additionally, the frequencies of the GT and TT genotypes and T allele were significantly higher in cases than in healthy individuals ( p < 0.05), indicating that these genotypes will increase the risk of psoriasis. There were no differences in the genotype and allele frequencies of the other loci between the 2 cohorts.
Haplotype Analysis
Haplotypes were constructed in both the case and control groups. Those frequencies ≥ 1% are shown in Table 4 . The frequencies of the haplotypes H6 (GGCCGCCT) and H7 (GGTGTCTC) were higher in psoriatic patients than in control patients, while the haplotype H3 (ACCCTCTC) was much lower in patients. There were no differences in the other haplotypes between the 2 groups.
Discussion
Eight single nucleotide polymorphisms (SNPs) in STAT3, -4, and -6 were investigated in this case-control study. In the study, rs744166 in STAT3, rs7574865 in Psoriasis is a common chronic autoimmune disease mediated by T cells, and any factors that could change the structures and functions of T cells could potentially contribute to the etiology of psoriasis. Psoriasis is now considered as a disease with polarized Th17 cells [8] , the differentiation of which is determined by several cytokines, including IL-23. STAT3 is important in cytokine signaling cascades, including those for IL-6, IL-10, and IL-23, and thus is required for the polarization of Th17 cells. In psoriatic lesions, STAT3 was found in a phosphorylated and activated state, and could regulate epidermal hyperplasia [9, 11, 15] . Above all, it is assumed that the STAT3 gene can modulate innate immunity and is associated with the pathogenesis of cancers and autoimmune diseases such as psoriasis. In recent years, genome-wide association studies were carried out, and several genes with products that regulate T-cell functions were newly associated with psoriasis. It is believed that the genetic variants in STAT3 would also be associated with psoriasis [9] .
In the present study, 4 SNPs were genotyped in psoriatic patients in northeastern China, and rs744166 was found to be associated with the disease. The AA genotype was a protective factor, while the GG genotype and the minor allele G were shown to increase the susceptibility to psoriasis. rs744166 is located in the first intron of STAT3 at chromosome 17q21.2. rs744166 was found to be associated with ophthalmopathy autoimmune thyroid disease in the northwestern Chinese population, with non-small-cell lung cancer in the Polish population, with Crohn disease in New Zealanders, and with prostate cancer in Caucasians [16] [17] [18] [19] . In addition, rs744166 was shown to increase the susceptibility to psoriatic arthritis in the Spanish population, suggesting an influence of this gene in some immune-mediated diseases [20] . These results are in agreement with our results, indicating that rs744166 plays an important role in the pathogenesis of immune diseases, including psoriasis. While the function of this SNP is not known yet, it is speculated to act as a genetic marker that is in high linkage disequilibrium with another nearby functional polymorphism, which may change the activation state of STAT3 [20] .
Another member of the STAT family, STAT4, is mapped to chromosome 2q32.2-2q32.3 and plays an important role in the pathogenesis of autoimmune diseases. STAT4 encodes a transcription factor that functions in the signaling pathways of several important cytokines, including IL-12, IL-15, IL-23, and type I IFNs, further linked to the differentiation and proliferation of Th cells [10, 21, 22] . With regard to psoriasis, it has been reported 33 that STAT4 activation results in specific Th1 differentiation, shifting the Th1/Th2 ratio. The number of Th1 cells increased and prolonged responses to IFN-γ, triggering psoriasis [10, 23, 24] . rs7574865 was one of the most common SNPs in STAT4 and was reported to be associated with the pathogenesis of many autoimmune diseases, e.g., with rheumatoid arthritis in the western Algerian population, juvenile idiopathic arthritis in the Chinese population, early-onset type 1 diabetes, systemic sclerosis, and systemic lupus erythematosus [25] [26] [27] [28] [29] [30] [31] . In the present study, rs7574865 was identified as an SNP increasing the susceptibility to psoriasis in the northeastern Chinese Han population, which was in agreement with the results found in a Greek population, indicating the vital role of rs7574865 in psoriasis [10] . rs7574865 is localized in the third intron of STAT4 and is part of a noncoding region. It was reported that the minor allele T of this SNP was significantly associated with higher levels of STAT4 mRNA and lower serum levels of the IFN-γ-induced signature in patients with systemic lupus erythematosus, indicating that rs7574865 can affect STAT gene expression on the level of transcription or mRNA splicing and thus induce strong Th1 and Th17 cytokine responses [32] [33] [34] . The main alternatively spliced isoforms of STAT4 are STAT4α and STAT4β. STAT4β is 44 amino acids short- er than STAT4α, which is not efficient at directly inducing IFN-γ gene expression in response to IL-12 in Th1 cells [21, 35] . Another explanation for the function of rs7574865 is that the SNP is in complete linkage disequilibrium with other causative mutations that directly affect the function of STAT4. This conclusion was confirmed in different autoimmune diseases, including lupus, rheumatoid arthritis, and ankylosing spondylitis [32, 36] . rs7574865 has been associated with numerous autoimmune diseases, as well as with psoriasis in our investigation, indicating that the common functional sequences are shared in those autoimmune diseases and that rs7574865 plays an important role in the immune system and may represent a potential target for the treatment of these diseases [4, 37] . STAT6 has similarity with other STAT proteins and is one of the most common candidate genes associated with higher levels of IgE [38] . STAT6 is essential for the functional responses of Th2 cells by inducing 2 forms of the cytokines IL-4 and IL-13 [39, 40] . rs324011 in STAT6 shows a significant association with higher IgE levels in asthma and atopic dermatitis in children [41] [42] [43] . There was no significant relationship between these 2 SNPs and psoriasis in the present study or in other studies, indicating that STAT6 is not a candidate gene for psoriasis susceptibility.
Psoriasis is a complex disease with numerous factors responsible for its etiology. Many genetic variations have been reported to be associated with the disease. Our results showed some discrepancies with other studies, possibly due to the small sample size, which may cause falsenegative or -positive results. Another reason was the different population stratification. The cases and control individuals recruited in the present study were from the northeastern Chinese Han population, which may have a different genetic background from the other populations. Another limitation of the study was the lack of functional experiments to illustrate the functions of genes linked to psoriasis. Therefore, further studies with more SNPs and genes, as well as functional studies, will be carried out to achieve a better understanding of the etiology of psoriasis.
Eight SNPs in STAT3, -4, and -6 were evaluated in the study, with rs744166 in STAT3, rs7574865 in STAT4, and 3 haplotypes found to be associated with psoriasis in the Han population of northeastern China, indicating the important roles of these variations in the susceptibility to psoriasis. These data will be useful in providing information for determining the diagnosis, prognosis, and appropriate therapy for psoriasis patients.
Key Message
There is an association between single nucleotide polymorphisms in STAT3 and STAT4 with psoriasis in northern China. The haplotypes with frequencies ≥1% are shown.
